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Abstract. Esophageal cancer (ESCA) is a lethal malignancy
and is associated with the alterations of various genes and
epigenetic modifications. The protein dpy-30 homolog
(DPY30) is a core member of histone H3K4 methylation cata-
lase and its dysfunction is associated with the occurrence and
development of cancer. Therefore, the present study investi-
gated the role of DPY30 in ESCA and evaluated the association
between the expression of DPY30, the clinicopathological
characteristics of ESCA and the tumor immune microenvi-
ronment. It conducted a comprehensive analysis of DPY30 in
patients with ESCA using The Cancer Genome Atlas (TCGA)
database and clinical tissue microarray specimens of ESCA.
Immunohistochemistry was performed to assess the expres-
sion levels of DPY30 in tissues. Receiver operating curve
analysis, Kaplan-Meier survival analysis and Cox regres-
sion analysis were performed to identify the diagnostic and
prognostic value of DPY30. Gene Set Enrichment Analysis,
protein-protein interaction network and Estimation of Stromal
and Immune cells in Malignant Tumor tissues using the
Expression data were used to screen DPY30-associated genes
and evaluate the immune score of the TCGA samples. The
results demonstrated that the expression of mRNA and protein
levels of DPY30 were significantly upregulated in tumor
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tissues compared with normal tissue samples. The expression
of DPY30 was closely associated with the poor prognosis of
patients with ESCA. The present study also found that DPY30
expression and the pathological characteristics of ESCA were
significantly correlated. Additionally, the expression of DPY30
demonstrated a significant positive correlation with various
immune cells infiltration. The results suggested that DPY30
might influence tumor immune infiltration. In conclusion, the
findings suggested that DPY30 might be a potential prognostic
biomarker and an immunotherapeutic target in ESCA.

Introduction

Esophageal cancer (ESCA) is a highly aggressive malignancy
and its incidence and mortality are increasing globally (1). As
ESCA is asymptomatic in the early stage, most patient cases
of ESCA are diagnosed in the locally advanced stage or even
in the distant metastasis stage (2). Administering neoadjuvant
chemoradiotherapy as standard treatment for locally advanced
ESCA is beneficial (3). Due to the aggressiveness, late diag-
nosis and treatment-refractory nature of ESCA, most patients
are not sensitive to the standard treatment. Thus, the incidence
of postoperative local recurrence or distant metastases is
high and the prognosis is poor. A previous study showed that
immunotherapy with chemoradiotherapy or chemotherapy
as neoadjuvant therapy can effectively improve anti-tumor
effects in the treatment of ESCA (4). However, assessing the
response to neoadjuvant therapy accurately is difficult and
the treatment of a number of patients diagnosed with ESCA
with immunotherapeutic combinations is unsatisfactory (5).
Therefore, novel early diagnostic biomarkers and effective
immunotherapeutic targets need to be identified to improve
the outcome of patients with ESCA.

In mammalian cells, histone 3 lysine 4 (H3K4) meth-
ylation modifications are important for DNA methylation and
epigenetic inheritance. H3K4, as a histone which codes or as
an identifier of gene promoters, is closely associated with the
cell cycle, DNA replication, cell proliferation, tumorigenesis,
invasion metastasis and immune evasion in various malignant
tumors (6). The agonist of H3K4 methylation depends on its core
components [WD-repeat protein-5, retinoblastoma-binding
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protein-5, absent, small, homeotic disks-2-like and dpy-30
homolog (DPY30)] and the inactivation of DPY30 decreases
the levels of H3K4 methylation (7,8). DPY30 is involved in
several physiological functions such as cell proliferation,
differentiation, apoptosis and senescence (9,10). For example,
DPY30 can promote the proliferation and differentiation of
hematopoietic stem cells by directly and preferentially control-
ling the methylation of H3K4 and the expression of a number of
genes required for hematopoiesis (11,12). Additionally, DPY30
deficiency can induce apoptosis of neural stem cells (13).
DPY30 also strongly influences tumorigenesis in several
types of cancers (14-16). The knockdown or overexpression
of DPY30 might directly regulate H3K4 methylation levels
and significantly affect the ability of gastric cancer cells to
proliferate, migrate and invade (6). DPY30 can also promote
the expression of vimentin by regulating the H3K4 methyla-
tion level of the vimentin gene promoter, which promotes the
epithelial-mesenchymal transition (EMT) in epithelial ovarian
cancer (15). High tissue levels of DPY30 can induce EMT
through the activation of the Wnt/B-catenin signaling pathway
during tumorigenesis and the development of cervical squa-
mous cell carcinoma (16). However, the role of DPY30 in
the development and carcinogenesis of ESCA remains to be
elucidated.

Therefore, the present study first determined the relation-
ship between the mRNA expression level of DPY30 and its
diagnostic and prognostic values in ESCA using bioinfor-
matics. Then, based on the collected clinical information
and tissue microarray of patients with ESCA, it evaluated
the DPY30 protein expression level and its diagnostic and
prognostic value in ESCA. Finally, it specifically analyzed the
relationship between the expression level of DPY30 and the
tumor immune microenvironment to identify a novel immuno-
therapeutic target for treating patients with ESCA.

Materials and methods

ESCA data sources and mRNA expression of DPY30. In July
2022, data on the gene expression of ESCA tissues and normal
esophageal tissues were obtained from The Cancer Genome
Atlas (TCGA) and Genotype-Tissue Expression (GTEx)
databases. Among them, 162 ESCA tissue samples and 11
tumor-adjacent normal esophageal epithelial tissue samples
were obtained from TCGA database and 653 normal esopha-
geal tissue samples were obtained from the GTEx database.
The data on the clinical characteristics and survival informa-
tion of 173 patients with ESCA were also downloaded from
TCGA database. The data on ESCA included transcripts per
million (TPM) types and fragments per kilobase per million
(FPKM) types. The level of expression of the DPY30 mRNA
in ESCA tissues and normal esophageal tissues was deter-
mined using the aforementioned data.

Patients and tissue microarray of specimens. In total,
57 patients with ESCA underwent surgical resection at Union
Hospital of Huazhong University of Science and Technology,
Tongji Medical College (Wuhan, China) between 2013 and
2015. Paraffin specimens (57 pairs) from these patients were
obtained by surgical resection. The clinical features of the
patients are presented in Table SI. All ESCA tissues and

paired paracancerous tissues (diameter of 1.5 mm; selected
by a pathologist) from each paraffin specimen were extracted
and used to constructed a tissue microarray (TMA) paraffin
block. After checking the quality of the specimens, the TMA
was cut into sections (3 mm thick) for immunohistochemistry
analysis. The study was approved by the Institutional Ethics
Committee of Tongji Medical College, Huazhong University
of Science and Technology [approval number (2021) 0158].
Written informed consent was obtained from all patients
before they underwent surgical procedures.

Immunohistochemistry staining and assessment.
Immunohistochemistry (IHC) staining was performed for the
TMA with 57 pairs of tissues by two professional pathologists.
The primary rabbit anti-DPY30 antibody (dilution 1:100; incu-
bation at 37°C for 30 min; cat. no. CSB-PA861193LA01HU)
was purchased from Cusabio Technology LLC. Using the
CaseViewer 2.4 software (3DHISTECH Ltd.) and HALO
image analysis software (v2.1.1637.26; Indica Labs), images
were captured and analyzed. Each specimen was first
assigned a score based on the staining intensity and the extent
of stained cells (no staining=0, weak staining=1, moderate
staining=2 and strong staining=3) and (0-5%=0, 5-25%=1,
26-50%=2, 51-75%=3 and 76-100%=4). Based on the Al
pathwell v2 image analysis software (Servicebio) using the
principles of AI deep learning, the percentage of weak,
moderate and strong intensity, percentage of positive area,
mean density and area density was calculated (Table SII).
Then, two professional pathologists validated the results of
the immunohistochemical staining analysis and the results
were automatically calculated for each specimen based on
the original basic data and formulae. The final IHC scores
were calculated using the formula Y (pi x i)=(percentage of
weak intensity x1) + (percentage of moderate intensity x2)
+ (percentage of strong intensity x3). Here, ‘pi’ represents
the ratio of the positive signal pixel area and ‘i’ represents
the staining intensity; the IHC scores (area) are data between
0-300 (17).

Identification of the diagnostic and prognostic value of
DPY30 in ESCA. By performing the Receiver Operating
Curve (ROC) analysis in TCGA database, the diagnostic
value of DPY30 expression in ESCA was assessed using the
area under the curve (AUC). Kaplan-Meier survival analysis
was performed to determine the relationship between DPY30
expression and overall survival (OS) in patients with ESCA.
The groups were formed based on the median value of the
expression of DPY30. Based on the clinical characteristics
of the patients with ESCA in TCGA database, the relation-
ship between clinicopathological characteristics and DPY30
mRNA expression levels was first determined to establish a
prognostic nomogram. Then, according to the collected clin-
icopathological characteristics from 57 patients with ESCA,
the relationship between the clinicopathological character-
istics and DPY30 protein expression levels was confirmed.

Functional mechanisms and protein-protein interaction
(PPI) networks of DPY30 co-expressed genes. Based on the
sequencing data of tumor tissues from patients with ESCA
in TCGA, the DPY30-associated genes were analyzed by
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Figure 1. DPY30 mRNA and protein expression levels in ESCA tissues. (A) Unpaired tissue of TPM data type in TCGA; (B) Unpaired tissue of TPM data
type in TCGA + GTEXx; (C) Unpaired tissue of FPKM data type in TCGA; (D) Paired tissue of TPM data type in TCGA; (E) Paired tissue of FPKM data
type in TCGA. (F) DPY30 protein expression levels in 57 paired tissues of the ESCA. "P<0.01; ““P<0.001. DPY30, dpy-30 homolog; ESCA, esophageal
cancer; TPM, transcripts per million; TCGA, the Cancer Genome Atlas; GTEx, Genotype-Tissue Expression; FPKM, fragments per kilobase per million;

THC, immunohistochemistry; TMA, tissue microarray.

Spearman's method. The co-expressed genes of DPY30 were
screened with correlation coefficients greater than 0.4 and
P-values less than 0.01. The genes were then divided into
two groups based on the median value of the expression
level of DPY30. The genes that were significantly correlated
(positively and negatively) with DPY30 were obtained by
performing the Gene Set Enrichment Analysis (GSEA). A
protein-protein correlation network was constructed based
on the co-expressed genes using the STRING database
(http://string-db.org/) and Cytoscape software (version
3.7.2; www.cytoscape.org). The Gene Ontology (GO)/Kyoto
Encyclopedia of Genes and Genomes (KEGG) function
analysis was conducted to determine the role of DPY30 in
ESCA.

Correlation of DPY30 expression with the tumor microenvi-
ronment of ESCA. ESCA tissues from TCGA database were
evaluated by performing immune scoring via the Estimation
of Stromal and Immune cells in Malignant Tumor tissues
using the Expression data (ESTIMATE) and ssGSEA
algorithm (18,19). The relationship between the DPY30
expression level and ESCA infiltrating immune cells was
investigated using Spearman's correlation.

Statistical analysis. Statistical analysis was performed
using SPSS v22.0 statistical software (IBM Corp.). The

significant differences between groups were determined
by performing unpaired and paired Student's t-tests. The
association between DPY30 expression levels with the clini-
copathological features of patients with ESCA was evaluated
by performing a one-way ANOVA. If the association was
significant, it was evaluated by Scheffe post hoc test (20).
All quantitative results were expressed as the mean + SD.
P<0.05 was considered to indicate a statistically significant
difference.

Results

DPY30 mRNA and protein are overexpressed in ESCA. Based
on TCGA and GTEx databases, the results demonstrated
that the expression of DPY30 mRNA was significantly
higher in unpaired ESCA tissues compared with normal
esophageal tissues (Fig. 1A-C). For one-to-one matching,
the expression of DPY30 mRNA in paired ESCA tissues was
significantly higher compared with normal esophageal tissues
(Fig. 1D and E). Additionally, the results of the immunohis-
tochemistry analysis demonstrated that the protein of DPY30
was significantly overexpressed in ESCA tissues compared
with that in paracancerous tissues (Figs. 1F and S1). For
the DPY30 protein expression in the clinical TMA from 57
paired ESCA (ESCA) tissues, the representative immuno-
histochemical images of the high, medium and low protein
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Figure 2. DPY30 protein expression levels in ESCA and paracancerous tissues. DPY30, dpy-30 homolog; ESCA, esophageal cancer.
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Figure 4. High expression level of DPY30 is related to poor prognosis in ESCA. (A and D) Overall survival in TPM and FPKM types of TCGA data.
(B and E) Disease-specific survival in TPM and FPKM types of TCGA data. (C and F) Progression-free survival in TPM and FPKM types of TCGA data.
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Atlas; HR, hazard ratio.

expression of DPY30 are shown in Fig. 2. Thus, DPY30 was
overexpressed in ESCA patients and might influence the diag-
nosis and prognosis of ESCA.

DPY30 has diagnostic value in ESCA. The diagnostic value of
DPY30 in ESCA was determined based on the ROC curves.
The TPM type of TCGA database analysis demonstrated that
the area under the ROC curve (AUC) value of DPY30 was
0.938 in ESCA (Fig. 3A). By analyzing the TPM type of TCGA
and GTEx databases, the AUC value of DPY?30 was calculated
to be 0.858 in ESCA (Fig. 3B). By analyzing the FPKM type

of TCGA database, the AUC value of DPY30 was calculated
to be 0.909 in ESCA (Fig. 3C). These results suggested that
DPY30 plays an important role in the diagnosis of ESCA.

High expression of DPY30 is related to a poor prognosis of
ESCA. The prognostic value of DPY30 was determined using
different types of TCGA databases. Based on the TPM and
FPKM types of TCGA databases, the results of the analysis
revealed a significant correlation between the high expression
of DPY30 and a poor prognosis in ESCA (Fig. 4). High expres-
sion of DPY30, predicted worse OS, disease-specific survival
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Table I. Clinical characteristics and dpy-30 homolog protein expression of patients with esophageal cancer.

Characteristic

High expression Low expression P-value
n 33 24
Sex, n (%) 0.261
Female 3(5.3) 5(8.8)
Male 30 (52.6) 19 (33.3)
Pathological type, n (%) 0.119
Esophageal adenosquamous or adenocarcinoma 2(3.5) 5(8.8)
Esophageal squamous cell carcinoma 31 (54.4) 19 (33.3)
T stage, n (%) 0.193
Tl & T2 15 (26.3) 6 (10.5)
T3 & T4 18 (31.6) 18 (31.6)
N stage, n (%) 0.016
NO 16 (28.1) 20 (35.1)
NI & N2 & N3 17 (29.8) 4(7.0)
Pathologic TNM stage, n (%) <0.001
Stage I & II 23.5) 13 (22.8)
Stage III & IV 31 (54.4) 11 (19.3)
Differentiation grade, n (%) 0.855
High differentiation 8 (14.0) 7(12.3)
Low differentiation 5(8.8) 2(3.5)
Medium differentiation 20 (35.1) 15 (26.3)
Survival state, n (%) 0.020
Succumbed 25 (43.9) 10 (17.5)
Survived 8 (14.0) 14 (24.6)
Age, mean + SD 61.24+8.53 61.46+6.9 0919
Time (day), mean + SD 769.58+321.56 1,170.83+428.16 <0.001
Immunohistochemistry score, median 45.69 (43.53,50.39) 3191 (28.01, 34.84) <0.001

(interquartile range)
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Figure 5. DPY30 mRNA expression was associated with the clinicopathological features of ESCA. (A) Pathologic T stage; (B) pathologic N stage; (C) histo-
logical type; (D) therapeutic efficacy of neoadjuvant treatment. "P<0.05; ““P<0.001. DPY30, dpy-30 homolog; EAC, esophageal adenocarcinoma; ESCC,
esophageal squamous cell carcinoma; ESCA, esophageal cancer; PD, progression disease; SD, stable disease.

(DSS) and progression-free survival (PFS) based on different
data types in patients with ESCA. The results of the prog-
nostic analysis of patients with ESCA demonstrated that the
high expression of DPY30 predicted poor overall survival.

DPY30 overexpression is associated with clinicopatholog-
ical features and therapeutic efficacy in patients with locally

advanced ESCA. The correlation between the expression level
of the DPY30 mRNA and the clinicopathological features of
patients with ESCA was analyzed from TCGA database. The
results demonstrated that DPY30 overexpression was asso-
ciated with the advanced pathologic T stage and advanced
pathologic N stage (Fig. SA and B). The expression levels of
DPY30 were higher in esophageal squamous carcinoma than
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Table II. Risk factors predicting poor overall survival of patients with esophageal cancer in The Cancer Genome Atlas databases

Univariate analysis Multivariate analysis

Characteristics Total (n) Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value
T stage 145

T1 & T2 64 Reference

T3 & T4 81 1.312 (0.756-2.277) 0.334
N stage 144

NO 66 Reference

NI & N2 & N3 78 2.970 (1.606-5.493) <0.001* 10.618 (1.913-58.945) 0.007*
M stage 129

MO 121 Reference

Ml 8 5075 (2.312-11.136) <0.001* 43.317 (4.395-426.952) 0.001*
Pathologic stage 142 57

Stage I & Stage 11 85 Reference

Stage III & Stage IV 57 3.223 (1.807-5.747) <0.001* 0.427 (0.098-1.860) 0.257
Age 162

<60 83 Reference

>60 79 0.831 (0.506-1.365) 0.466
Histological type 162

Adenocarcinoma 80 Reference

Squamous cell carcinoma 82 0.875 (0.526-1.455) 0.607
Primary therapy outcome 94

PD 10 Reference

SD & PR & CR 84 0.239 (0.095-0.602) 0.002* 1.734 (0.309-9.732) 0.532
Dpy-30 homolog mRNA
expression 162

Low expression 81 Reference

High expression 81 2.316 (1.373-3.907) 0.002* 1.186 (0.310-4.538) 0.803
P<0.05.
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Figure 6. DPY30 protein expression was associated with the clinicopathological features of ESCA. (A) Pathologic T stage; (B) pathologic N stage; (C) patho-
logic TNM stage; (D) OS event. “P<0.01; ““P<0.001; ns, no significance; DPY30, dpy-30 homolog; ESCA, esophageal cancer; IHC, immunohistochemistry.

that in esophageal adenocarcinoma (Fig. 5C). More notably, demonstrated that DPY30 overexpression was associated
the overexpression of DPY30 suggested a worse outcome for ~ with the advanced pathologic TNM stage and OS (Fig. 6).
the neoadjuvant treatment of ESCA (Fig. 5D). The results of

the analysis of the clinical characteristics and the expression  DPY30 overexpression is a risk factor for patients with
level of the DPY30 protein in 57 patients with ESCA (TableI) ESCA. To find the prognostic risk factor for patients with
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Figure 7. Construction of prognostic nomogram for patients with ESCA. ESCA, esophageal cancer.

ESCA in TCGA database, univariate Cox regression analysis
was performed to show that pathologic N stage, pathologic
M stage, pathological stage, treatment outcome and DPY30
mRNA expression level might be the risk factors for OS
(Table II). Based on univariate Cox regression was performed
to analyze the clinical characteristics of 57 patients with
ESCA. The results demonstrated that the overexpression
of DPY30 was associated with the advanced pathologic N
stage, pathologic TNM stage and the expression level of the
DPY30 protein (Table IIT). The results of the multivariate
Cox regression analysis did not show independent risk factors
for ESCA in patients with ESCA. An accurate prognostic
nomogram based on the clinicopathological characteristics
and DPY30 expression level in ESCA was constructed
(Fig. 7).

Functions and signaling mechanisms of DPY30 co-expressed
genes.Based on the correlation analysis of the DPY30-related
genes, 669 genes were found to be co-expressed with
DPY30 (Table SIII). The top 12 genes with positive and
negative correlations with DPY30 in ESCA are shown in
Figs. 8 and S2. Based on GO analysis, it was found that
DPY30 and its co-expressed genes were involved in RNA
and DNA modification, regulation of mitochondria and lyso-
some function and interference of the cell cycle (Fig. 9A-C).
The results of the KEGG analysis demonstrated that these
genes were associated with RNA transport and degradation,
spliceosome, ribosome, oxidative phosphorylation, the cell
cycle and other mechanisms (Fig. 9D and Table SIV). To
visualize the relationship of the DPY30 co-expressed genes,
the PPI network was constructed (Fig. 10).
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Table III. Risk factors predicting poor overall survival of 57 patients with ESCA.
Univariate analysis Multivariate analysis
Characteristics Total (n) Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value
Age 57 1.002 (0.959-1.047) 0.936
Sex 57
Male 49 Reference
Female 8 0.925 (0.359-2.387) 0.872
T stage 57
T3 & T4 36 Reference
Tl & T2 21 1.086 (0.552-2.137) 0.812
N stage 57
NO 36 Reference
N1 & N2 & N3 21 3.430 (1.740-6.763) <0.001* 2.741 (1.371-5.481) 0.004*
Grade 57
Medium differentiation 35 Reference
High differentiation 15 0.687 (0.294-1.602) 0.385
Low differentiation 7 1.042 (0.396-2.742) 0.934
Pathological stage 57
Stage III & IV 42 Reference
Stage I & II 15 0.227 (0.080-0.646) 0.005* 0.359 (0.111-1.157) 0.086
Dpy-30 homolog protein
expression 57
High expression 33 Reference
Low expression 24 0.354 (0.169-0.740) 0.006* 0.864 (0.354-2.105) 0.747
P<0.05.
A B
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Figure 8. Co-expressed genes of DPY30 in ESCA. (A) The top 12 genes positively correlated with DPY30. (B) The top 12 genes negatively correlated with
DPY30. DPY30, dpy-30 homolog; ESCA, esophageal cancer; FPKM, fragments per kilobase per million.

The relationship between DPY30 expression and immune
infiltrating cells in ESCA. Based on the diagnostic and prog-
nostic value of DPY30 in ESCA, the ESTIMATE algorithm
was used to further determine the value of DPY30 in the
tumor microenvironment of ESCA. Based on the result of the
Stromal Score, Immune Score and ESTIMATE Score, the high

expression of DPY30 was found to be related to low immune
scores in the tumor microenvironment of ESCA (Fig. 11A-C).
DPY30 expression was negatively correlated with the overall
immune infiltration, stromal content and the combined score of
both (Fig. 11D and E). The analysis of the correlation between
DPY30 expression and immune cells in ESCA demonstrated
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Figure 9. Function and mechanism of DPY30
dpy-30 homolog; BP, biological process; CC

Figure 10. Protein-protein interaction network of the dpy-30 homolog co-expressed genes.
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Figure 11. Relationship between DPY30 expression level and immune cell infiltration level in the tumor microenvironment of ESCA. (A) The Stromal Score
for the high and low expression level of DPY30. (B) The Immune Score for the high and low expression level of DPY30. (C) The ESTIMATE Score for the
high and low expression level of DPY30. The correlation between DPY30 expression and (D) the Stromal Score, (E) the Immune Score, (F) the ESTIMATE
Score. DPY30, dpy-30 homolog; ESCA, esophageal cancer; FPKM, fragments per kilobase per million. ““P<0.001.

that DPY30 expression was significantly correlated with the
number of types of immune cells (Table SV; Figs. S3 and S4).
Among them, mast cells, effector memory T cells, eosinophils,
neutrophils, central memory T cells, dendritic cells, T cells,
T follicular helper cells and B cells demonstrated a significant
negative correlation with the expression of DPY30 (Fig. 12).

Discussion

ESCA is a major health problem worldwide. Due to the
lack of early symptoms and early diagnostic biomarkers, a
number of patients are diagnosed with locally advanced or
even advanced ESCA. Although various treatment strategies
have been developed for ESCA, the five-year survival rate is
only 15-25% (21,22). A number of studies have investigated
ways to improve the prognosis of ESCA by identifying new
diagnostic markers and therapeutic targets. DPY30 is highly
expressed in hepatocellular liver cancer tissues and plays a
key role in the coordination of glucose homeostasis and the
modification of different types of histones (23). The mRNA
and protein levels of DPY30 are significantly overexpressed
in cholangiocarcinoma and are independent prognostic factors
in cholangiocarcinoma patients (23). The knockdown of
DPY30 can significantly inhibit proliferation, induce cell cycle
arrest in the G,/M phase and decrease glycolysis in vitro (24).
The present study indicated that DPY30 might have similar
oncogenic effects in ESCA and may be a potential therapeutic
target for ESCA. DPY30 is highly expressed in ESCA tissues

and has an important diagnostic value. The overexpres-
sion of DPY30 is significantly associated with a number of
clinicopathological features and poor prognosis in patients
with ESCA. Therefore, DPY30 might be used as a potential
biomarker and have a diagnostic, prognostic and therapeutic
value in ESCA.

DPY30 and its homologs are mainly localized in the
nucleus and the encoded proteins that directly control the cell
cycle regulators. They play an important role in cell prolifera-
tion and differentiation (25). Additionally, DPY30 also serves
as the core subunit of the methyltransferase complex that
catalyzes histone H3K4 methylation (26). Histone methylation
plays a key role in gene regulation, cell differentiation, DNA
recombination and damage repair. Aberrant histone methyla-
tion can cause mutations, translocations, or overexpression of
a number of important genes that usually lead to the develop-
ment of diseases such as cancer (27). Thus, the overexpression
of DPY30 might play a key role in the development of tumori-
genesis by increasing histone H3K4 methylation level. DPY30
can directly promote the expression of the MYC gene and also
regulate the efficient binding of the MYC oncoprotein to a
number of other genes (28,29). The DPY30/WNT/B-catenin
signaling mechanism can induce the EMT of cells in cervical
cancer and epithelial ovarian cancer (15,16). However, these
mechanisms need to be further investigated in ESCA cell
models.

DPY30 can significantly influence immune cell infiltration
in the tumor microenvironment of ESCA. It is also significantly
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Figure 12. Correlation between DPY30 expression and immune cells in the tumor microenvironment of ESCA. The correlation between DPY30 expression and
(A) mast cells, (B) Tem cells, (C) eosinophils, (D) neutrophils, (E) Tem cells, (F) DC cells, (G) T cells, (H) TFH cells and (I) B cells. DPY30, dpy-30 homolog;
ESCA, esophageal cancer; FPKM, fragments per kilobase per million; Tem, effector memory T cell; Tcm, central memory T cell; DC, dendritic cells; TFH,

T follicular helper cells.

negatively correlated with multiple immune cells in the tumor
microenvironment. EMT is an important mechanism of ESCA
growth and metastasis. It also plays an important role in the
formation of the tumor immune microenvironment (30).
DPY30 might promote tumor progression and significantly
affect tumor immunogenic cells by inducing EMT. Thus, its
expression level might predict the effect of immunotherapy
and it is a potential therapeutic target. The peptides that can
specifically inhibit DPY30 activity can significantly inhibit the
growth of hematological cancer cells (29). Several molecules
of the methyltransferase complex are targets for drug inter-
vention and small molecule inhibitors of potential antitumor
agents (31). Therefore, DPY30 is a potential therapeutic target
for ESCA.

The present study determined the diagnostic and prog-
nostic value of DPY30 in ESCA by bioinformatic analysis
and tissue microarray. However, it is also necessary to collect

more specimens and to use an antibody with strong specificity
to validate the results in further research. Also, the signaling
mechanism of DPY30 in tumorigenesis and the development of
ESCA need to be examined in cell experiments. It is important
that the present study first aimed to explore the relationship
between DPY30 and tumor microenvironment of ESCA by
bioinformatics. However, the final regulatory network between
DPY30 expression and the tumor immune microenvironment
needs to be elucidated by performing specific experiments.
Thus, future extensive studies should concentrate on supple-
menting in vivo and in vitro experiments and performing
multiplex immunohistochemistry to determine the role of
DPY30 in tumor microenvironment.

To summarize, the present study found that DPY30 was
significantly overexpressed in ESCA tissues and associated
with poor prognosis in patients with ESCA. DPY30 might
also be used as an early diagnostic and prognostic indicator of
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ESCA. It is also associated with the tumor immune microen-
vironment and is expected to be a new target for the treatment
of patients with ESCA.
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